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CLAIMS 



[Claim(s)] 

[Claim 1] It is the approach of operating the voltage regulator which has two or more switching circuits which make the 
input terminal connected to the source of input voltage, the output terminal connected to a load, and said input terminal 
said output terminal, and make cutoff as connection by turns. : a It is a count ****** step about each presumed current 
showing the presumed current for each switching circuit, i.e., the current which flows the inductor relevant to said 
switching circuit.; 

b) step; which calculates all the desired output currents that flow said inductor which maintains the output voltage in 
said output terminal uniformly substantially — and — c — the approach of containing step; which controls said switching 
circuit based on said presumed current and said all desired output currents so that all the currents that flow said inductor 
may become almost equal to said all desired output currents. 
[Claim 2] The approach of claim 1 that a step (a) thru/or (c) are repeated. 

[Claim 3] The approach of claim 1 that a step (a) thru/or (c) are repeated by quick clock frequency fclock more 
remarkable than the request switching frequency fswitch of said switching circuit. 

[Claim 4] The approach containing the step which judges the capacitive current on which the step which calculates said 
all desired output currents flows from the step which judges said all currents that flow said switching circuit, the 
capacitor connected to said output terminal, or there of claim 1 . 

[Claim 5] The approach containing the step to which the step which judges said switching circuit to be said all flowing 
currents totals said presumed current over each inductor of claim 4. 

[Claim 6] The approach containing the step to which the step which judges said capacitive current measures the 
fluctuation in said output voltage of claim 4. 

[Claim 7] said capacitive current is calculated from the following formulas — having — :ICAP=C-deltaVout/deltaT — the 
approach of claim 6 that it is here and said fluctuation in the full capacity of said capacitor by which C is connected to 
said output terminal, and said output voltage covering the whole clock cycle in deltaVout, and T are said periods of said 
clock cycle. 

[Claim 8] The approach of claim 4 that the step which calculates said all desired output currents contains further the step 
which determines the adjustment current for amending the error of said output voltage. 

[Claim 9] The approach of claim 8 that said adjustment current is proportional to the difference of said output voltage 
and request electrical potential difference. 

[Claim 10] The approach of claim 9 which is made to increase said request electrical potential difference when said 
current is higher than predetermined current level, and contains further the step which decreases said request electrical 
potential difference when said current is said under predetermined current level. 

[Claim 11] The approach of claim 1 which contains further the step which judges many active switching circuits. 
[Claim 12] The approach of claim 1 1 that said number of active switching circuits is proportional to said all request 
currents mostly. 

[Claim 13] The approach of claim 12 based on the number with a new old number and said all request currents of an 
active switching circuit of an active slave. 

[Claim 14] The approach of claim 12 that said decision of said number of active slaves includes the hysteresis 
effectiveness of avoiding too much modification of said number of active switching circuits. 

[Claim 15] The step which calculates each desired output current of each switching circuit is included further, and it is 
the approach of claim 1 1 that said sum total of each desired output current of said is equal to all before desired output 
currents. 

[Claim 16] The approach of claim 15 that said each request current of said active switching circuit is almost equal to 
said all request currents divided by said number of active switching circuits. 
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[Claim 17] The approach of claim 15 that said each request current for said inactive slave is zero mostly. 

[Claim 18] The approach of claim 1 that count of said request all currents contains the step which determines the request 

electrical potential difference which is in the electrical-potential-difference tolerance of nominal voltage. 

[Claim 19] The decision of said request electrical potential difference is the approach containing the step which sets said 

request electrical potential difference above said nominal voltage when said current is close to maximum current, and 

the step which sets said request electrical potential difference under to said nominal voltage when said current is close to 

zero of claim 18. 

[Claim 20] The step which determines said request electrical potential difference is the approach containing the step 
which adjusts said request electrical potential difference by the term proportional to said difference of said front request 
electrical potential difference from a clock cycle and said current potential of claim 18. 

[Claim 21] Said request electrical potential difference Vdesired about a clock cycle n+1 [n+1] is determined by the 



1-2 



1 load 



(5) 



following formulas. : 

the fluctuation in said current on which in Vnom nominal voltage and Vdesired [n] flow said request electrical potential 
difference from said clock cycle n, and Iload flows said load here, said permissible current carrying capacity to which 
Imax flows said load, and the electrical potential difference on which deltaVswing is permitted by said electrical- 
potential-difference tolerance - and -- The approach of claim 20 that cl and c2 are feedback constants. 
[Claim 22] It is the voltage regulator which has the output terminal connected to the input terminal connected to the 
source of input voltage, and a load. : Two or more switching circuits which answer a digital control signal and connect 
said input terminal and said output terminal intermittently; 

b) Said two or more filters which provide mostly with the output voltage of DC said output terminal in which each filter 
contains an inductor; 

c) two or more current sensor; which produces two or more feedback signals drawn from said current which flows said 
switching circuit - and ~ d ~ the digital controller which receives and uses said two or more feedback signals — having 
— said digital controller: the current which calculates the presumed current about i each switching circuit, and flows said 
inductor by which said each presumed current is related with said switching circuit here - expressing --; 

ii) - all the desired output currents that flow said inductor which maintains the output voltage in said output terminal 
uniformly substantially — calculating — ; ~ and ~ iii; which generates said digital control signal based on said presumed 
current and said all desired output currents so that all the currents that flow said inductor may become almost equal to 
said all desired output currents 
Voltage regulator. 

[Claim 23] It is the approach of judging all the request currents that flow the switching circuit of a voltage regulator in 
order to maintain the output voltage in an output terminal uniformly substantially. Said switching circuit It connects 
with said output terminal by which the input terminal connected with the source of input voltage is connected with a 
load intermittently, and said approach said voltage regulator including at least one capacitor connected to said output 
terminal : Step which measures the 1st output voltage in said output terminal to the 1st time amount; 
Step which measures the 2nd output voltage in said output terminal to the 2nd time amount; 
Step which calculates the presumed current showing said current which flows said inductor; 

Step which calculates the capacitance current which expresses the current which flows from said at least one capacitor 
or there based on the difference of said 1 st output voltage and said 2nd output voltage; 

The step which calculates an amendment current based on one difference in a request electrical potential difference, and 
said the 1st and 2nd output voltage; it reaches. Approach containing step; which calculates all the request currents over 
said voltage regulator from the sum total of said presumed current and said amendment current, and a difference with 
said capacitance current. 

[Claim 24] It is a voltage regulator with the output terminal connected to the input terminal connected to the source of 
input voltage, and a load. : Switching circuit which answers a digital control signal and connects said input terminal and 
said output terminal intermittently; 

Filter in said output terminal which offers the output voltage of DC mostly; 

Current sensor which generates the 1st digital feedback signal showing said current which flows said switching circuit; 
The voltage sensor which generates the 2nd feedback signal showing said output voltage; it reaches. Voltage regulator 
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equipped with said digital controller; constituted in order to maintain substantially said output voltage of the digital 
controller which receives and uses said digital feedback signal which generates said digital control signal, i.e., said 
output terminal, on fixed level. 

[Claim 25] The voltage regulator of claim 24 in which said switching circuit contains the commutator which connects 
said output terminal to a gland intermittently at least. 

[Claim 26] It is the voltage regulator of claim 24 by which said switching circuit, a filter, and a current sensor are 
manufactured on 1st IC chip, and said digital controller is manufactured on 2nd another IC chip. 
[Claim 27] Said digital feedback signal is a voltage regulator of claim 24 which shows whether said current exceeds a 
threshold level current. 

[Claim 28] It is the voltage regulator of claim 27 which said current sensor generates two or more digital feedback 

signals, and means whether said each signal exceeded threshold level current with said another current. 

[Claim 29] It is the voltage regulator of claim 27 which said current sensor generates two or more digital feedback 

signals, and means whether said each signal intersected threshold level current with said another current. 

[Claim 30] The voltage regulator of claim 27 further equipped with the failure protection network which makes said 

digital control signal an invalid, and opens said switching circuit when the current which flows said switching circuit 

exceeds larger safety clearance than said threshold level current. 

[Claim 31] Said failure protection network is a voltage regulator of claim 30 which generates the 2nd digital feedback 
signal received by said digital controller when said current exceeds said safety clearance. 

[Claim 32] Said switching circuit is the voltage regulator containing the 2nd transistor which connects to a gland the 1st 
transistor which connects said output terminal to said input terminal, and said output terminal of claim 27. 
[Claim 33] Said current sensor is the voltage regulator containing the 1st sensor which generates the 1st digital feedback 
signal on the 1st feed back line which shows the current which flows said 1st transistor, and the 2nd sensor which 
generates the 2nd digital feedback signal on the 2nd feed back line showing the current which flows said 2nd transistor 
of claim 32. 

[Claim 34] Said 1st and 2nd feed back line is connected to the 3rd feed back line connected to said digital controller. 
Said digital controller is the voltage regulator containing the logic which judges which transistor is expressed by said 
signal on said 3rd feed back line of claim 33. 

[Claim 35] The voltage regulator of claim 32 which receives said digital control signal and is further equipped with the 
interpreter installed in said slave which changes said digital control signal into the instruction which switches said the 
1st and 2nd transistor. 

[Claim 36] Said digital control signal generated by said digital controller The 1st control signal on the 1st control line 
and the 2nd control signal on the 2nd control line are included. Said interpreter The voltage regulator of claim 35 which 
changes into the instruction which opens said 1st transistor for said 1st control signal, and closes said 2nd transistor, and 
is changed into the 2nd instruction which closes said 1st transistor for said 2nd control signal, and opens said 2nd 
transistor. 

[Claim 37] For said interpreter, said digital control signal generated by said digital controller is a voltage regulator of 
claim 36 which changes said the 1st and 2nd transistor into an OPEN statement for the 3rd control signal including the 
3rd control signal on the 3rd control line. 

[Claim 38] Said interpreter is a voltage regulator of claim 37 which changes said the 1st and 2nd transistor into an 
OPEN statement for the 3rd control signal when said 2nd transistor closes and said current falls under to zero. 
[Claim 39] The voltage regulator of claim 24 further equipped with the condition sensor for generating the digital 
condition signal which shows said condition of said switching regulator received by said digital controller. 
[Claim 40] Said slave is a voltage regulator of claim 24 which receives said digital control signal and contains the 
interpreter which changes said digital control signal into the instruction which switches said switching circuit. 
[Claim 41] the voltage regulator which has the output terminal connected to the input terminal connected to the source 
of input voltage, and a load — it is : a — respectively — with, two or more slaves including the bottom: I Switching 
circuit; which answers a digital control signal and connects said input terminal and said output terminal intermittently 

ii) Filter which provides said output terminal with the output voltage of DC mostly; 

iii) Current sensor which generates the digital feedback signal showing the current which flows said switching circuit; 
b) The voltage regulator containing said digital controller: which is the digital controller which receives and uses said 
digital feedback signal from said two or more slaves which generate two or more digital control signals, and is 
constituted so that said output voltage in said output terminal may be substantially maintained on fixed level. 
[Claim 42] It is the approach of operating the voltage regulator which has the output terminal connected to the input 
terminal connected to the source of input voltage, and a load. : Step which answers a digital control signal and connects 
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said input terminal and said output terminal intermittently in a switching circuit; 

Step which filters the output of said switching circuit in order to provide said output terminal with the output voltage of 
DG mostly; 

The step which generates the digital feedback signal showing the current which flows said switching circuit which has a 
current sensor; it reaches. It is the approach of containing; constituted in order that said digital controller may maintain 
substantially said output voltage in said output terminal on fixed level by here [ the step and here ] where said digital 
feedback signal is received and used from said slave in a digital controller in order to generate said digital control signal. 

[Claim 43] It is the voltage regulator which has the output terminal connected to the input terminal connected to the 
source of input voltage, and a load. : Switching circuit which answers a control signal and connects said input terminal 
and said output terminal intermittently; 

The filter which provides said output terminal with the output voltage of DC mostly; it reaches. The digital controller 
which operates by quick clock frequency fclock more remarkable than the request switching frequency fswitch of said 
switching circuit is included. The 1st digital feedback signal to which said digital controller is led from the output 
voltage in said output terminal for every clock cycle here, And the 2nd digital feedback signal drawn from the current 
which flows said switching circuit is received, and said control signal which controls said switching circuit so that said 
output voltage is substantially maintained by fixed level is generated. 

[Claim 44] The voltage regulator of claim 43 further equipped with the current sensor which generates said 1st digital 
feedback signal. 

[Claim 45] The voltage regulator of claim 44 further equipped with the voltage sensor which generates said 2nd digital 
feedback signal. 

[Claim 46] Said voltage sensor is the voltage regulator containing an A/D converter of claim 45. 

[Claim 47] Said voltage sensor is a voltage regulator of claim 46 which includes an electrical-potential-difference 

sampling circuit further. 

[Claim 48] It is the voltage regulator of claim 45 by which said digital controller and voltage sensor are manufactured 
on IC chip with which the 2nd differs by manufacturing said switching circuit, a filter, and a current sensor on 1st IC 
chip. 

[Claim 49] It is the voltage regulator of claim 45 by which said switching circuit, a filter, and a current sensor are 
manufactured on 1st IC chip, and said voltage sensor is manufactured on 2nd IC chip, and said digital controller is 
assembled on 3rd IC chip. 

[Claim 50] Said 1st digital feedback signal is the voltage regulator showing said difference of said output voltage and 
nominal voltage of claim 43. 

[Claim 51] Said 1st digital feedback signal is the voltage regulator showing said difference of said output voltage in a 
current clock cycle, and the output voltage in a front clock cycle of claim 43. 

[Claim 52] Said digital controller is a voltage regulator of claim 43 which receives the 3rd digital feedback signal drawn 
from the output voltage in said output terminal for every clock cycle. 

[Claim 53] Said 1st digital feedback signal is the voltage regulator of claim 52 with said 3rd digital feedback signal it is 
equal to said difference of said output voltage and nominal voltage, and equal to said difference in said output voltage in 
a current clock cycle, and the output voltage in a front clock cycle. 

[Claim 54] Said 1st digital feedback signal is a voltage regulator of claim 43 which is said output voltage. 
[Claim 55] Said digital controller is the voltage regulator containing the A/D converter for changing into a digital signal 
said charge held by said sampling circuit of claim 43 further including the sampling circuit where a digital controller is 
connected to said output terminal, and said controller catches the difference of said output voltage and reference voltage. 

[Claim 56] Said reference voltage is a voltage regulator of claim 32 grounded. 

[Claim 57] Said reference voltage is a voltage regulator of claim 32 which is nominal voltage. 

[Claim 58] Said reference voltage is a voltage regulator of claim 32 which is the output voltage from a front clock cycle. 

[Claim 59] a control signal [ as opposed to reception and its switching circuit for the 2nd / here as opposed to / have 
further two or more switching circuits for connecting said input terminal and said output terminal intermittently, and / 
the whole clock cycle / each switching circuit in said digital controller / digital feedback signal ] — generating said 
every - the voltage regulator of claim 43 to which the 2nd digital feedback signal is led from the current which flows a 
related switching circuit. 

[Claim 60] It is the approach of operating the voltage regulator which has the output terminal connected to the input 
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terminal connected to the source of input voltage, and a load. : Step which answers a control signal and connects 
intermittently said input terminal and said output terminal in a switching circuit; 

Step to which the output of said switching circuit is applied for a filter in order to provide said output terminal with the 
output voltage of DC mostly; 

Step which operates a digital controller by quick clock frequency fclock more remarkable than the request switching 
frequency fswitch of said switching circuit; 

Step which receives the 1st digital feedback signal drawn from the output voltage in said output terminal for every clock 
cycle in said digital controller; 

The step which receives the 2nd digital feedback signal drawn from the current which flows said switching circuit for 
every clock cycle in said digital controller; it reaches. Approach containing the step which generates said control signal 
with said digital controller in order to control said switching circuit so that said output voltage is substantially 
maintained by fixed level. 

[Claim 61] It is the approach of operating the voltage regulator which has the switching circuit which connects to a 
middle terminal the input terminal connected to the source of input voltage, the output terminal connected to a load, and 
said input terminal, and the filter which has the inductor which generates DC electrical potential difference substantially 
in said output terminal. : Step which memorizes the early presumed current showing said current which flows said 
inductor; 

Step which adjusts said early presumed current based on said condition of said switching circuit so that a new presumed 
current may be generated; 

The step which determines all the desired output currents that flow said inductor which maintains the output voltage in 
said output terminal uniformly substantially; it reaches. How to contain the step which controls said switching circuit 
based on said presumed current and said all desired output currents so that all the currents that flow said inductor may 
become almost equal to said all desired output currents. 

[Claim 62] Said switching circuit is the approach of; claim 61 containing the 1st transistor which connects said input 
terminal to said middle terminal intermittently, and the 2nd transistor which connects said middle terminal to a gland 
intermittently. 

[Claim 63] The approach of claim 62 that said adjustment step contains the step which adds increased current to said 
early presumed current when said 1 st transistor has closed. 

[Claim 64] The approach of claim 62 which contains the step to which said adjustment step subtracts a reduction current 
from said early presumed current when said said 2nd transistor has closed. 

[Claim 65] The approach of claim 61 that said switching circuit contains the 1st transistor which connects said input 
terminal to said middle terminal intermittently, and the diode which connects said middle terminal to a gland 
intermittently. 

[Claim 66] Said step to memorize and step to adjust are the approach of claim 61 generated in a clock frequency. 
[Claim 67] Said clock frequency is the quick approach of claim 66 more remarkable than the request switching 
frequency of said switching circuit. 

[Claim 68] Said step to adjust is the approach of claim 66 which adds increased current to said early presumed current 
when said middle terminal is connected to said input terminal, and subtracts a reduction current from said early 
presumed current when said middle terminal is connected to a gland. 

[Claim 69] Said increased current is the input voltage in said input terminal, the output voltage in said output terminal, 
the inductance of the inductor arranged between said switching circuits and said output terminals, and said approach of 
claim 68 by which clock frequency machine ****** selection is made. 

[Claim 70] For said input voltage and Vout, Vin is the approach of claim 69 that said increased current is calculated 
from (Vin-Vout)/Lxfclock, said output voltage and L express said inductance, and fclock expresses said clock frequency 
here. 

[Claim 71] Said reduction current is the approach of claim 68 chosen based on the output voltage in said output 
terminal, the inductance of the inductor arranged between said middle terminals and said output terminals, and said 
clock frequency. 

[Claim 72] said reduction current is calculated by Vout/Lxf<SUB>clock - having - here - Vout - said output voltage 

and L - said inductance - and - The approach of claim 71 that fclock expresses said clock frequency. 

[Claim 73] Said increment and a reduction current are the approach of claim 68 based on nominal value. 

[Claim 74] Said increment and a reduction current are the approach of claim 68 adjusted dynamically. 

[Claim 75] The approach of claim 61 further equipped with the step which generates the feedback signal showing said 

actual current which flows said switching circuit, and the step which amends said presumed current based on a feedback 
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signal. 

[Claim 76] Said step and adjustment step to memorize are the approach of claim 75 generated on a frequency higher 
than said amendment step. 

[Claim 77] Said step and adjustment step to memorize are the approach of claim 76 which performs by a series of clock 
cycles, and said amendment step generates in said some of clock cycles. 

[Claim 78] said feedback - said actual current - a top [ current / threshold level ] - or the approach of claim 61 which 
shows whether it is the following. 

[Claim 79] The approach of claim 78 further equipped with the step which holds said presumed current near [ said ] a 
threshold level current when it is shown that said actual current is the case where addition of said increased current 
becomes the cause for which said presumed current exceeds said threshold level current when said middle terminal is 
connected to said input terminal, and said feedback signal is said under threshold level current. 
[Claim 80] The approach of claim 78 further equipped with the step which holds said presumed current near [ said ] a 
threshold level current when subtraction of said increased current becomes the cause by which said presumed current 
turns into said under threshold level current when said middle terminal is connected to a gland, and when said feedback 
signal shows that said actual current exceeds said threshold level current. 

[Claim 81] The approach of claim 78 further equipped with the step which sets said presumed current equally to said 
threshold level current when said feedback signal shows that said actual current exceeds said threshold level current 
when said switching circuit has closed, and there are few said presumed currents than said threshold level current. 
[Claim 82] The approach of claim 78 further equipped with the step which sets said presumed current equally to said 
threshold level current when said feedback signal shows that said actual current becomes said under threshold level 
current when ground connection of said output terminal is carried out, and said presumed current is larger than said 
threshold level current. 

[Claim 83] The approach of claim 68 further equipped with the step which adjusts said presumed current over the time 
delay generated by said switching time required for starting of the comparator in a sensor which generates said feedback 
signal, and said propagation time which said feedback signal needs for even the controller which controls said switching 
circuit from said sensor being transmitted. 

[Claim 84] The approach of claim 68 based on said increment value, said clock cycle, and said switching frequency in 
said step to adjust. 

[Claim 85] The approach of claim 68 based on said deduction, said clock cycle, and said switching frequency in said 
step to adjust. 

[Claim 86] a switching circuit to be the approach of presuming the current which flows the inductor of a voltage 
regulator, and for said voltage regulator connect an output terminal to an input terminal intermittently - containing ~ 
said approach: step; which memorizes the early presumed current showing said current which flows said inductor ~ and 
- The approach containing step; which adjusts said early presumed current based on said condition of said switching 
circuit in order to make a new presumed current generate. 

[Claim 87] The switching circuit where it is the approach of evaluating the current which flows the inductor of a voltage 
regulator, and said voltage regulator connects an output terminal to an input terminal intermittently is included, and it is 
said approach. : Step which memorizes the early presumed current showing said current which flows said inductor; 
The step which adds increased current to said early presumed current when said output terminal is connected to said 
input terminal; it reaches. How to contain step; which subtracts a reduction current from said early presumed current, 
when ground connection of said output terminal is carried out. 

[Claim 88] It is the voltage regulator which has the output terminal connected to the input terminal connected to the 
source of input voltage, and a load. : Switching circuit which answers a control signal and connects said input terminal 
and said output terminal intermittently; 

b) said filter; which is the filter which provides said output terminal with the output voltage of DC mostly, and was 
accomplished so that said filter might contain an inductor - and - c digital controller; containing — said digital 
controller: i — the early presumed current showing said current which flows through said inductor — memorizing --; 

ii) It adjusts so that said early presumed current may produce a new presumed current based on said condition of said 
switching circuit.; 

iii) ; Judge all the desired output currents that flow said inductor which maintains output voltage uniformly substantially, 
and reach. ; voltage regulator which generates said control signal based on said adjusted presumed current and said all 
desired output currents so that said switching circuit may be controlled in order to maintain the iv aforementioned 
output voltage on fixed level substantially. 

[Claim 89] It is the approach of operating the voltage regulator which has at least one switching circuit which connects 
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intermittently the input terminal connected to the source of input voltage, the output terminal connected to a load, said 
input terminal, and said output terminal. : Said each presumed current is a presumed current over each of said at least 
one switching circuit, and a step which judges ** showing the current which flows the inductor of a related switching 
circuit here.; 

Step which calculates the request total output current which flows said inductor which maintains the output voltage in 
said output terminal on fixed level substantially; 

Said average of an upper limit current, the step which calculates a minimum current and said upper limit current, and a 

minimum current ; Carry out [ current / about one of said the inductors / each / desired output ], are and reach. When 

said presumed current is less than said minimum current about one or more of said the switching circuits, The approach 

containing step; which said input terminal is connected to said output terminal in said switching circuit, and connects 

said output terminal to said switching circuit in a gland when said presumed current exceeds said upper limit current. 

[Claim 90] Said voltage regulator is the approach including two or more switching circuits of claim 89. 

[Claim 91] The approach of claim 90 that it has further the step which chooses one of said two or more of the switching 

circuits as a reference circuit, and said remaining switching circuits are non-reference circuits. 

[Claim 92] The approach of claim 91 further equipped with the step which judges the request phase offset over each 

****** switching circuit. 

[Claim 93] It is the approach of claim 92 which said reference circuit connects said input terminal and said output 
terminal when said presumed current falls under to said minimum current, and connects said output terminal to a gland 
when said presumed current exceeds said upper limit current. 

[Claim 94] The approach of claim 92 that have further the step which calculates two or more upper limit currents and 
two or more minimum currents, and one upper limit current and one minimum current relevant to each ********** 
exist. 

[Claim 95] Each ********** i s the approach of claim 94 which connects said input terminal and said output terminal 
when falling under to the minimum current to which a related presumed current relates, and carries out ground 
connection of said output terminal when exceeding the upper limit current to which said related presumed current 
relates. 

[Claim 96] Said two or more bound currents are the approaches of claim 95 drawn from a request switching frequency 
and said request phase offset. 

[Claim 97] The approach of claim 95 further equipped with the step which measures said actual phase offset between 
said reference circuits and said non-reference circuits. 

[Claim 98] Said difference of said bound current is the approach of claim 95 adjusted according to said difference of 
said actual phase offset and said request phase offset. 

[Claim 99] Each ********** i s the approach of claim 92 which connects said input terminal and said output terminal 
by said request phase offset after said reference circuit connects said input terminal and said output terminal. 
[Claim 100] Each ********** i s the approach of claim 99 which carries out ground connection of said output terminal 
when said related presumed current exceeds said related upper limit current. 

[Claim 101] Each ********** i s the approach of claim 92 which carries out ground connection of said output terminal 
by said request phase offset after said reference circuit carries out ground connection of said output terminal. 
[Claim 102] It is the approach of claim 101 that each ********** connects said input terminal and said output terminal 
when said related presumed current is less than said related minimum current. 

[Claim 103] It is the approach of operating the voltage regulator which has at least one switching circuit which connects 
intermittently the input terminal connected to the source of input voltage, the output terminal connected to a load, and 
said input terminal and said output terminal. : The step which judges the presumed current about each of said at least 
one switching circuit, and said each presumed current express the current which flows the inductor relevant to each 
switching circuit.; 

Step which calculates the request total output current which flows said inductor which maintains the output voltage in 
said output terminal on fixed level substantially; 

Step which calculates each request current about said one or more switching circuits; 

How to contain the step to which said switching circuit is made to switch so that said current which flows said switching 
circuit in said presumed current about said one or more switching circuits as compared with said each request current 
may become almost equal to said request current. 

[Claim 104] The approach of claim 103 that said voltage regulator includes two or more switching circuits. 

[Claim 105] The approach of claim 104 which contains further the step which judges the request phase offset over each 

switching circuit. 
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[Claim 106] The approach of claim 105 which contains farther the step which judges the phantom condition about said 
at least one switching circuit. 

[Claim 107] The approach of claim 106 which contains farther the step which chooses one of said two or more of the 

switching circuits as a reference circuit that said remaining switching circuits are non-reference circuits. 

[Claim 108] The approach of claim 107 that a phantom condition is judged for each **********. 

[Claim 109] The approach of claim 107 which contains farther the step which calculates the upper limit current over 

said reference circuit, and a minimum current. 

[Claim 110] The approach of claim 109 which contains farther the step which connects said output terminal to said 
reference circuit in a gland when the step which connects said input terminal to said reference circuit at said output 
terminal when said presumed current falls under to said minimum current, and said presumed current exceed said upper 
limit current. 

[Claim 111] The phantom condition of said non-reference circuit is the approach of claim 110 drawn from said 
condition of said reference circuit, and said request phase offset. 

[Claim 1 12] A request current is the approach of claim 106 calculated about each switching circuit. 

[Claim 113] The approach of claim 1 12 that a phantom condition is judged about each switching circuit. 

[Claim 1 14] The approach of claim 1 12 based on a clock signal and said request phase offset in said phantom condition 

of said switching circuit. 

[Claim 115] The approach of claim 106 which contains the step which adjusts said early request current by memorizing 
an early request current based on said phantom condition about said at least one switching circuit in order that the step 
which judges said request current may generate a new request current. 

[Claim 1 16] The approach of claim 115 that the step which adjusts said early request current adds increased current to 
said early request current when said phantom condition shows that said output terminal is connected to said input 
terminal, and said phantom condition contains step; which subtracts a reduction current from said early presumed 
current when it is shown that ground connection of said output terminal is carried out. 

[Claim 117] The approach of claim 106 which contains farther the step which said presumed current intersects said 
request current, and is made to switch to said at least one switching circuit when said condition of said reference circuit 
is not the same as said phantom condition. 

[Claim 118] The approach of claim 117 which contains the step to which said step made to switch carries out ground 
connection of said output terminal when said presumed current exceeds said request current. 

[Claim 1 19] The approach of claim 117 which contains the step to which said step made to switch connects said output 
terminal and said input terminal when said presumed current falls under to said request current. 
[Claim 120] The approach of claim 117 which contains farther the step to which said at least one switching circuit is 
made to carry out ground connection of said output terminal by connecting said input terminal to said output terminal in 
said at least one switching circuit when said presumed current falls under to said minimum current when said presumed 
current exceeds said upper limit current. 

[Claim 121] The approach of claim 117 which contains farther the step to which said at least one switching circuit is 
made to carry out ground connection of said output terminal by connecting said input terminal to said output terminal in 
said at least one switching circuit when said presumed current falls under to said request current by the 1st presetting 
margin when said presumed current exceeds said request current by the 2nd presetting margin. 
[Claim 122] It is the approach of operating the voltage regulator which has two or more switching circuits which 
connect intermittently the input terminal connected to the source of input voltage, the output terminal connected to a 
load, and said input terminal and said output terminal. : Step which chooses one of said two or more of the switching 
circuits as a reference circuit; 

Step which judges the request phase offset over said remaining switching circuits; 

The step which judges the presumed current over each switching circuit, and each presumed current express the current 
which flows the inductor related with said switching circuit.; 

Step which calculates the request total output current which flows said switching circuit which maintains the output 
voltage in said output terminal on fixed level substantially; 

In order to attain substantially said request phase offset and said request total output current, said input terminal or step 
which carries out ground connection is included for said output terminal in said switching circuit. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Background] 

Generally this invention relates to the control system for switching voltage regulators in more detail about a voltage 
regulator. 

[0002] - 

Electronic system is provided with a stabilization voltage source using voltage regulators, such as a DC to DC 
converter. An efficient DC to DC converter is especially needed for the dc-battery management of a low power unit of a 
laptop type notebook, a cellular phone, etc. It is common knowledge that a switching voltage regulator (or more simply 
"switching regulator 11 ) is the efficient format of a DC to DC converter. A switching regulator changes DC electrical 
potential difference of an input into high-frequency voltage, and since DC electrical potential difference of an output is 
generated, it generates output voltage by filtering the high-frequency voltage. The switching regulator includes the 
switch which connects by turns to loads, such as an integrated circuit, and usually intercepts the input DC voltage source 
by which a dc-battery etc. is not constant- voltage-ized. It usually connects with an inductor between the source of input 
voltage, and a load including a capacitor, and an output filter filters the output of a switch, and, as a result, offers DC 
electrical potential difference of an output. A controller measures the electrical properties of a circuit, such as a current 
which flows an electrical potential difference and a load, and in order to maintain DC electrical potential difference of 
an output on fixed level substantially, it sets up the duty cycle of switching. 
[0003] 

The voltage regulator for microprocessors must satisfy performance requirements severer than before. One inclination is 
a 35-50A thing operated more by the high current. Another inclination is turning on and off the part from which a 
microprocessors differs for every cycle for energy saving. This needs to need for a voltage regulator to react to a high 
speed very much to a load effect, for example, even the maximum load needs to change from the minimum load in 
several nanoseconds. Furthermore, in order to decrease the parasitic capacitance in ** Rhine, resistance, and/or an 
inductance and for it to protect current loss, another inclination is arranging a voltage regulator near the microprocessor, 
and can do things. However, in order to arrange a voltage regulator near the microprocessor, a voltage regulator needs to 
have the form factor which it is small and is easy to use. 
[0004] 

In order in addition to these special inclinations to avoid the thermal overload in a heavy load and to lengthen battery 
life of a pocket system, generally a well head is desirable. Another desirable features are that a voltage regulator has 
"standby" mode in which the power consumption in a low load is held down. 
[0005] 

The conventional controller consists of analog circuits, such as resistance, a capacitor, and an operational amplifier. 
Though regrettable, an analog circuit is expensive and/or difficult to manufacture as an integrated circuit. It is required 
for a special technique to manufacture resistance and a semiconductor device especially. Furthermore, by the noise, the 
engine performance falls and, as a result, an analog signal generates informational loss. 
[0006] 

There is room of amelioration in the control system for a voltage regulator and voltage regulators in view of the above. 
[0007] 

[Summary of the Invention] 

Generally, according to one aspect of affairs, this invention is turned to the approach of operating a voltage regulator, 
and the voltage regulator has two or more switching circuits which connect by turns and intercept the input terminal 
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connected with the source of input voltage, the output terminal connected to a load, and an input terminal to an output 
terminal The approach calculates a presumed current about each switching circuit. Each presumed current expresses the 
current which flows the inductor relevant to a switching circuit. The total output current of the request which flows an 
inductor is calculated, and the current maintains the output voltage in an output terminal uniformly substantially. A 
switching circuit is controlled based on a presumed current and desired total output current, and, thereby, all the currents 
that flow an inductor come to spread desired total output current, abbreviation, etc. 
[0008] 

According to another aspect of affairs, this invention is turned to the voltage regulator which has the input terminal 
connected with the source of input voltage, and the output terminal connected to a load. Two or more switching circuits 
answer a digital control signal, and connect an input terminal and an output terminal intermittently. Two or more filters 
with which each contains an inductor provide an output terminal with the output of DC mostly. Two or more current 
sensors generate the feedback signal drawn from the current which flows a switching circuit. Two or more feedback 
signals are received and used for a digital controller, and it calculates the presumed current for every switching circuit. 
Each presumed current expresses the current which flows the inductor relevant to a switching circuit. All the desired 
output currents that flow an inductor are calculated, and it maintains the output voltage in an output terminal uniformly 
substantially. A digital control signal is generated based on a presumed current and all desired output currents, and, 
thereby, all the currents that flow an inductor come to spread all desired output currents, abbreviation, etc. mostly. 
[0009] 

According to another aspect of affairs, this invention is turned to the approach of determining all the request currents 
that flow the switching circuit of a voltage regulator in order to maintain the output voltage in an output terminal 
uniformly substantially. A switching circuit is intermittently connected to the output terminal by which the input 
terminal connected to the source of input voltage is connected to a load. A voltage regulator contains at least one 
capacitor connected to an output terminal The 1st output voltage is measured by the 1st time amount by the output 
terminal, and the 2nd output voltage is measured by the 2nd time amount by the output terminal. The presumed current 
showing the current which flows an inductor is calculated, and the capacitance current showing the current which flows 
from at least one capacitor or there is calculated based on the difference of the 1st output voltage and the 2nd output 
voltage, and an amendment current is calculated based on one difference of the 1st and 2nd output voltage in a desired 
electrical potential difference. All the request currents of a voltage regulator are calculated from the sum total of a 
presumed current and an amendment current, and a difference with a capacitance current. 
[0010] 

According to another aspect of affairs, this invention is turned to a voltage regulator. A regulator has the input terminal 
connected to the source of input voltage, and the output terminal connected to a load. A switching circuit answers a 
digital control signal and an input terminal and an output terminal are connected intermittently. A filter provides an 
output terminal with the output voltage of DC mostly. A current sensor generates the 1st digital feedback signal showing 
the current which flows a switching circuit. A voltage sensor generates the 2nd feedback signal showing output voltage. 
A digital controller receives and uses a digital feedback signal, and generates a digital control signal. A digital controller 
is constituted so that the output voltage in an output terminal may maintain fixed level substantially. 
[0011] 

According to another aspect of affairs, this invention is turned to the voltage regulator which has the input terminal 
connected with the source of input voltage, and the output terminal connected to a load. It has the switching circuit 
which a voltage regulator has two or more slaves, and each slave answers a digital control signal, and connects an input 
terminal and an output terminal intermittently, the filter which provides an output terminal with DC output voltage 
mostly, the current sensor which generates the digital feedback signal showing the current which flows a switching 
circuit, and the digital controller which receives and uses a digital feedback signal from two or more slaves which 
generate two or more digital control signals. A digital controller is constituted so that the output voltage in an output 
terminal may maintain fixed level substantially. 
[0012] 

according to another aspect of affairs, this invention boils the approach of operating a voltage regulator, and is turned, 
and the voltage regulator has the input terminal connected with the source of input voltage, and the output terminal 
connected to a load. An input terminal and an output terminal answer a digital control signal, and are intermittently 
connected by the switching circuit. The output of a switching circuit is filtered and provides an output terminal with the 
output voltage of DC mostly. It is generated so that the current which flows the switching circuit in which a digital 
feedback signal has a current sensor may be expressed. A digital feedback signal is received and used for a digital 
controller from a slave, and it generates a digital control signal. A digital controller is constituted so that the output 
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voltage in an output terminal may be substantially maintained on fixed level. 
[0013] 

According to another aspect of affairs, this invention is turned to the voltage regulator which has the input terminal 
connected with the source of input voltage, and the output terminal connected to a load. A switching circuit answers a 
control signal and connects an input terminal and an output terminal intermittently. A filter provides an output terminal 
with the output voltage of DC mostly. A digital controller operates by clock frequency fclock, and it is more remarkably 
[ than the switching frequency fswitch for which it asks in a switching circuit ] high-speed. A digital controller receives 
the 1 st digital feedback signal drawn from the output voltage in an output terminal, and the 2nd digital feedback signal 
drawn from the current which flows a switching circuit by each clock cycle, the control signal which controls a 
switching circuit is generated, and, thereby, output voltage is substantially maintained on fixed level. 
[0014] 

According to another aspect of affairs, this invention is turned to the approach of operating the voltage regulator which 
has the output terminal connected to the input terminal connected with the source of input voltage, and a load. An input 
terminal and an output terminal answer a digital control signal, and are intermittently connected by the switching circuit. 
The output of a switching circuit is filtered and provides an output terminal with DC output voltage mostly. A digital 
controller operates by clock frequency fclock, and its it is remarkably more nearly high-speed than the desired switching 
frequency fswitch to a switching circuit. A digital controller receives the 1st digital feedback signal drawn from the 
output voltage in an output terminal, and the 2nd digital feedback signal drawn from the current which flows an inductor 
by each clock cycle. A control signal is generated by the digital controller, controls a switching circuit, and, thereby, 
maintains output voltage on fixed level substantially. 
[0015] 

According to another aspect of affairs, this invention is turned to the approach of presuming the current which flows the 
inductor of a voltage regulator, and a voltage regulator includes the switching circuit which connects an output terminal 
to an input terminal intermittently. An early presumed current is memorized, the current which flows an inductor is 
expressed, and an early presumed current is adjusted based on the condition of a switching circuit, and generates a new 
presumed current. 
[0016] 

It is turned to the approach of operating the voltage regulator which has the input terminal by which this invention 
should be connected with the source of input voltage, the output terminal which should be connected to a load, the 
switching circuit which connects an input terminal to a middle terminal, and the filter which has an inductor for 
generating DC electrical potential difference substantially to an output terminal according to another aspect of affairs. 
An early presumed current is memorized and expresses the current which flows an inductor. An early presumed current 
is ** which is adjusted based on the condition of a switching circuit and generates a new presumed current. All the 
desired output currents that flow an inductor are determined, and it maintains the output voltage in an output terminal 
uniformly substantially. A switching circuit is controlled based on a presumed current and all desired output currents, 
and, thereby, all the currents that flow an inductor come to spread all desired output currents, abbreviation, etc. 
[0017] 

According to another aspect of affairs, this invention is turned to the approach of presuming the current which flows the 
inductor in a voltage regulator, and a voltage regulator includes the switching circuit which connects an output terminal 
with an input terminal intermittently. An early presumed current expresses the current which flows an inductor. When 
the current which increases when the output terminal is connected to the input terminal is added to an early presumed 
current and the output terminal is grounded, the current which decreases is subtracted from an early presumed current. 
[0018] 

According to another aspect of affairs, this invention is turned to the voltage regulator which has the input terminal 
which should be connected with the source of input voltage, and the output terminal which should be connected to a 
load. A voltage regulator has the switching circuit which answers a control signal and connects an input terminal and an 
output terminal intermittently, a filter containing the inductor for providing an output terminal with DC output voltage 
mostly, and a digital controller. A digital controller memorizes the early presumed current showing the current which 
flows an inductor. In order to generate a new presumed current, based on the condition of a switching circuit, adjust an 
early presumed current, determine all the desired output currents that flow the inductor which maintains output voltage 
uniformly substantially, and in order to control a switching circuit The control signal based on the presumed current and 
all the desired output currents which were adjusted is generated, and, thereby, output voltage is substantially maintained 
by fixed level. 
[0019] 
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According to another aspect of affairs, this invention is turned to the approach of operating the voltage regulator which 
has at least one switching circuit which connects intermittently the input terminal connected with the source of input 
voltage, the output terminal connected to a load, and an input terminal and an output terminal A presumed current is 
calculated about each of at least one switching circuit, and each presumed current expresses the current which flows the 
inductor in a related switching circuit. The total output current of the request which flows the inductor which maintains 
the output voltage in an output terminal on fixed level substantially is calculated, and the upper limit and minimum of a 
current are calculated. The average of the upper limit of a current and a minimum is equal to each desired output current 
over one inductor. A switching circuit connects an input terminal to an output terminal, when a presumed current falls 
under to a minimum current to one or more switching circuits, and when a presumed current goes up exceeding an upper 
limit current, it connects an output terminal to a gland. 
[0020] 

According to another aspect of affairs, this invention is turned to the approach of operating the voltage regulator which 
has at least one switching circuit which connects intermittently the input terminal which should be connected with the 
source of input voltage, the output terminal which should be connected to a load, and an input terminal and an output 
terminal. A presumed current is determined for every switching circuit, and each presumed current expresses the current 
which flows the inductor relevant to a switching circuit. The total output current of the request which flows an inductor 
is calculated, and the output voltage in an output terminal is substantially maintained on fixed level. To one or more 
switching circuits, each request current is calculated and a desired current, abbreviation, etc. come to spread the current 
which flows a switching circuit by that cause by comparing a presumed current with each request current, and switching 
a switching circuit. 
[0021] 

According to another aspect of affairs, this invention is turned to the approach of operating the voltage regulator which 
has two or more switching circuits which connect intermittently the input terminal which should be connected with the 
source of input voltage, the output terminal which should be connected to a load, and an input terminal and an output 
terminal. One of two or more of the switching circuits is chosen as a reference circuit, and desired phase offset is 
determined about the remaining switching circuits. A presumed current is calculated for every switching circuit, and 
each presumed current expresses the current which flows the inductor relevant to a switching circuit. The total output 
current of the request which flows an inductor is calculated, the output voltage in an output terminal is substantially 
maintained on fixed level, and a switching circuit connects an output terminal to an input terminal or a gland by the 
approach that desired phase offset and desired total output current are attained substantially. 
[0022] 

The advantage of this invention may contain the following. This voltage regulator deals with the comparatively big 
current which reacts to a load effect quickly. A small capacitor with the form factor which is easy to use may be used 
for this voltage regulator. This voltage regulator may also contain two or more slaves which operate by opposition in 
order to decrease a ripple current. Use of an analog circuit is minimized by changing the analog measured value of a 
controller into a digital signal. Most is carried out using a digital circuit and a controller can be produced using a known 
process by the conventional complementary MOS (CMOS) production technique. This decreases the number of the 
components which are not contained in the chip in a controller. A controller can operate with a digital control algorithm 
and can be fitted to the voltage regulator for an application which amends an operational parameter and is different in 
that case. It can operate with a high clock frequency more remarkable than a switching frequency, and a digital control 
algorithm can answer a load effect quickly. A master and a slave can communicate with a digital signal and can aim at 
improvement in dependability of communication link + by it. 
[0023] 

[Detailed explanation] 

A switching regulator 10 is connected to the source 12 of DC input voltage in which a dc-battery etc. is not constant- 
voltage-ized with an input terminal 20 with reference to drawing 1 . A switching regulator 10 is connected also to the 
loads 14, such as an integrated circuit, by the output terminal 22. A load 14 usually has the nominal voltage Vnom 
expected and electrical-potential-difference tolerance deltaVnom. The nominal voltage Vnom of a microprocessor chip 
is usually about 1.0 to 5.0 volts, for example, about 1.2 to 1.8 volts, and electrical-potential-difference tolerance 
deltaVnom is usually about 80mV to the nominal voltage of **6% of the nominal voltage Vnom, i.e., 1.2 volts. A 
switching regulator 10 works as a DC to DC converter between an input terminal 20 and an output terminal 22. A 
switching regulator 10 contains the master controller 18 for controlling actuation of one or more slaves 16 for changing 
the input voltage Vin of an input terminal 20 into the output voltage Vout of the output terminal 22 in tolerance 
deltaVnom of nominal voltage Vndjom, and a slave 16. Power is supplied to the master controller 18 by a voltage 
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source (it is (as it is shown in illustration)) 12, or another voltage source. 
[0024] 

Speaking directly, using the digital type current criteria control algorithm for the master controller 18. Based on the 
output voltage Vout from a slave, and feedback, the control algorithm of the master controller 1 8 judges the condition of 
each slave 16, in order to maintain output voltage Vout on fixed level, i.e., the inside of electrical-potential-difference 
tolerance, substantially. The master controller 18 generates the control signal of the lot which controls each slave 16, 
and sets it as a suitable condition. More, the master controller 1 8 makes the current from a switching regulator 10 at a 
detail certainly in agreement with the current to a load 14, and output voltage is substantially maintained on fixed level 
by it. For example, when a current load (or only "load") increases, the amount of the flowing current increases a slave. 
TTiis carries out "going up with fixed inclination" of the current until it reaches a desired load. On the other hand, when 
loads decrease in number, the amount of currents which passes along an active slave decreases. This carries out 
"descending with fixed inclination" of the current until it reaches a desired load. 
[0025] 

Each slave 16 includes the switching circuit 24 which commits an input terminal 20 as a power switch which connects 
by turns and is intercepted in the middle terminal 26. A switching circuit 24 carries out ground connection of the middle 
terminal 26 also including rectifiers, such as a switch and diode. The middle terminal 26 of each slave is connected to an 
output terminal 22 through an output filter 28. Closing motion of a switching circuit 24 generates the intermediate 
voltage Vint which has a square wave in the middle terminal 26. An output filter 28 changes this square wave into the 
output voltage in an output terminal 22 which is DC substantially. Although this switching regulator is illustrated and 
explained below as back converter topology, this invention is applicable to other voltage regulator topology, such as for 
example, a boost converter and back boost converter topology, again. 
[0026] 

Like illustration, a switching circuit 24 and an output filter 28 consist of back converter topology. Especially the 
switching circuit 24 of each slave 16 includes a switch like the 1st transistor 30 which has the drain connected to the 
source connected to an input terminal 20, and the middle terminal 26. A switching circuit 24 contains a rectifier like the 
2nd transistor 32 which has the drain connected to the source by which ground connection was carried out, and the 
middle terminal 26 again. The 1st transistor 30 is good at the P-channel MOS (PMOS) device, and its 2nd transistor 32 
is good at the N-channel MOS (NMOS) device. As an alternative, the 2nd transistor 32 may be transposed to diode, or 
may be complemented with diode so that rectification may become possible. The 1st and the 2nd transistor 30 and 32 
are driven according to the switching signal on control line 44a and 44b, respectively. An output filter 28 contains the 
inductor 34 connected between the middle terminal 26 and an output terminal 22, and the capacitor 36 by which parallel 
connection was carried out to the load 14. Furthermore, the capacitor 36 from each slave 16 may be complemented with 
one or more capacitors connected to common Rhine from an inductor 34, or may be replaced. 
[0027] 

When the 1st transistor 30 closes and the 2nd transistor 32 is open (PMOS switch-on), the middle terminal 26 is 
connected to a voltage source 12, and a voltage source 12 supplies energy to a load 14 and an inductor 34 through the 
1st transistor 30. On the other hand, when the 1st transistor opens and the 2nd transistor has closed (NMOS switch-on), 
ground connection of the middle terminal 26 is carried out, and energy is supplied to a load 14 by the inductor 34. 
[0028] 

Each slave 16 contains the 1st, the 1st which measure each current of the 2nd transistor 30 and 32, and the 2nd current 
sensor 40 and 42. The information on current sensors 40 and 42 is used for the master controller 18 in the state of a 
current criteria control algorithm. Each current sensor generates a digital output signal on one or more output Rhine, or 
[ that the current by which the digital output signal on output Rhine passes along a slave exceeds a trigger current by the 
single bit signal ] — or the case of being less — yes - since - it is switched to a low (reverse is also **). Especially the 
signal on 1st [ from the 1st current sensor 30 ] output Rhine 44c is switched to a high from a low, when the current 
which passes along the 1st transistor exceeds the 1st trigger current Ipcross. Similarly, the output signal on 2nd [ from 
the 2nd current sensor 42 ] output Rhine 44 is switched to a low from a high, when the current which passes along the 
2nd transistor 32 falls under to the 2nd trigger current Incross. 
[0029] 

As shown in drawing 1 , direct continuation of each output Rhine 44c and 44d may be carried out to the master 
controller 1 8. As an alternative, as shown in drawin g 1 A, the 1st and 2nd output Rhine may be mutually combined so 
that single output Rhine 44g may be formed, in this case, the thing which master controller 1 8' judges - a slave — 
PMOS (the 1st transistor) - or [ or / that they are any of NMOS (2nd transistor) switch-on ] - being based - output 
Rhine 44g - the upper signals gl, g2, gn are whether to express which current of the 1st or 2nd transistor. 
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[0030] 

When drawing 2 is referred to, each current sensor of the 1st current sensor 40 grade contains the criteria transistor 52, a 
current source 54, and a comparator 56, for example. Coincidence application is carried out by Anthony Stratakos etc., 
the same current sensor is indicated by the United States patent application 09th transferred to the grantee of this 
invention / No. 183,417 "technique of an amperometry", and those the indications of all are quoted and are included in 
this specification. The criteria transistor 52 has the source connected to the source of the transistor 30, i.e., the 1st 
transistor, measured, the drain connected to a current source 54, and the gate connected to control line 44e. The criteria 
transistor 52 is the same as that of a power transistor 30. That is, since a transistor component is manufactured with the 
same dimension on the same chip using the same process, both have the same electrical characteristics substantially. 
The known current Iref flows a current source 54. The plus input of a comparator 56 is connected to the drain of the 
criteria transistor 52, and the node 58 between current sources 54, and the minus input of a comparator 56 is connected 
to the middle terminal 26. The output of a comparator is connected to criteria Rhine 44c. Although the 2nd current 
sensor 42 is constituted similarly, it has the polarity related with an NMOS transistor. 
[0031] 

Supposing the power transistor 30 and the criteria transistor 52 have closed, the slave current Islave will flow a power 
transistor 30, and reference current Iref will flow [ in / both / actuation ] the criteria transistor 52. The electrical potential 
difference Vnode in a node 58 is given by Vnode=Vin- (RRxIref), RR is the equivalent resistance of a transistor 52 
here, on the other hand, the electrical potential difference Vint in the middle terminal 26 is given by Vint=Vin- 
(RPxIslave), and RP is resistance of a power transistor 30 here. Since the power transistor is manufactured with N 
transistor component to the criteria transistor 52 being manufactured with the single transistor component, the resistance 
RP of a power transistor is substantially [ RR of the criteria transistor 52 / 1/N time ] equal, therefore becomes 
Vnode=Vin- (RPxNxIref), and when the slave current Islave is larger than Nxlref, node voltage Vnode will become 
larger than intermediate voltage Vint. Therefore, when the slave current Islave is larger than threshold level current 
Nxlref, a current sensor 40 outputs a high signal to output Rhine 44c, and when the slave current Islave is lower than 
threshold level current Nxlref, on the other hand, it outputs a low signal to criteria Rhine 44c. 
[0032] 

Two current sensors 40 and 42 may be constituted using reference current Iref which is different so that different 
threshold level currents Tpcross and Tncross may be offered. The 1st threshold level current Tpcross for the 1st current 
sensor 40 may be larger than the 2nd threshold level current Tncross for the 2nd current sensor 42. Therefore, when the 
slave current Islave is larger than the threshold level current Tpcross, a current sensor 40 outputs a high signal, and a 
low signal is outputted when the slave current Islave is under the threshold level current Tpcross. Similarly, a current 
sensor 42 outputs a high signal to output Rhine 44d, when the slave current Islave is larger than the threshold level 
current Tncross, and when the slave current Islave is under the threshold level current Tncross, it outputs a low signal. 
They are not influenced by the noise from an analog signal, but these easy threshold level output signals provide the 
master controller 18 with the information about a slave current, there is more little power consumption, and it becomes 
unnecessary much interconnecting them, as a result of carrying out A/D conversion of the current completely. 
[0033] 

the current threshold level Tncross and Tpcross chooses - having - thereby - the slave current Islave each switching 
cycle - it is - that is, - each - at least one threshold level can be intersected by the switch-on of PMOS and NMOS. 
The threshold level current Tpcross must be higher than the threshold level current Tncross, in order that that the slave 
current Islave crosses threshold level may increase possibility of saying that it occurs after a comparator is enabling. 
With the gestalt of 1 operation, the 1st threshold level current Tpcross is good at about 8 A, and is good at about 2 A. [ of 
another side and the 2nd threshold level current Tncross ] 
[0034] 

A current sensor can be constituted so that the digital signal exceeding one may be outputted. For example, it is ** 
which a current sensor can generate the 1st digital signal when the slave current Islave exceeds the 1st threshold level 
current Tpcross, and can generate the 2nd digital signal when the slave current Islave exceeds the 2nd threshold level 
current Tpcross2. 
[0035] 

As it returns to drawing 1 and being explained previously, output voltage Vout of an output terminal 22 is constant- 
voltage-ized by the master controller 18, or is substantially maintained by fixed level. The master controller 18 measures 
the electrical potential difference in an output terminal 22, and receives the digital output signal on output Rhine 44c 
from the current sensors 40 and 42 of each slave 16, and 44d. The measurement output voltage Vout and an output 
signal are answered from a current sensor, and the master controller 18 generates a control signal, in order to control 
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actuation of the 1st and the 2nd transistor 30 and 32 in each slave 16. Actuation of the master controller 18 is explained 

further below at a detail. 

[0036] 

Most may constitute the master controller 1 8 and a slave 16 from digital one using the component part on the basis of a 
switched capacitor. Therefore, most switching regulators 10 are mounted on a single chip using the conventional CMOS 
technique, or are manufactured on it. However, each slave 16 is manufactured on a single chip, and, as for the master 
controller 1 8, being manufactured on another chip is desirable. Or each slave may be manufactured by single IC, and a 
voltage sensor may be manufactured on another IC chip, and the remainder of a digital controller may be manufactured 
on still more nearly another IC chip. Each chip may be manufactured using the conventional CMOS technique. 
[0037] 

When drawin g 3 is referred to, in each cycle of a switching circuit, the master controllers 1 8 are one or more discrete 
times, and include the electrical-potential-difference sampling circuit 60 which measures the output voltage Vout of an 
output terminal 22. This sampling circuit 60 is transferred to the grantee [ / else / Anthony Stratakos ] of this invention, 
and it can constitute those the indications of all substantially as indicated by the United States patent application 08th of 
application / No. 991,394 "a discrete-time sampling of the data for using for a switching regulator" on December 16, 
1997 which is quoted and is included in this specification. In order for a sampling circuit 60 to reduce the error 
generated with parasitic capacitance and an inductance, ground connection of it may be carried out directly in the gland 
of a microprocessor. The electrical potential difference sampled by the sampling circuit 60 is transformed into a digital 
voltage signal by the analog digital (A/D) converter 62. 
[0038] 

The master controller 18 also contains the digital control algorithm 64. A digital control algorithm receives output Rhine 
44c and 44d to the output signals cl, c2, cn, and an external clock to dl, d2, dn and the clock signal 66 for a 
digital voltage signal from A/D converter 62. A clock signal 66 may be generated with the same clock which performs a 
microprocessor by other IC equipments in a load, or the clock on a master controller chip. Clock frequency fclock is 
good to make it high ten to 100 times, in order to ensure that making it remarkably higher than the switching frequency 
fswitch of a switching circuit 24 answers a load effect quickly well. However, clock frequency fclock should not be 
made so high that a switching regulator and a master controller constitute a big drain in a voltage source. The clock rate 
of a microprocessor carries out dividing of the clock signal of a microprocessor more highly, and clock frequency fclock 
usually generates it. The frequency of a clock signal 66 is about 33MHz in frequency fclock for about 16 and 66MHz. 
[0039] 

drawing 3 - A - referring to - a master - a controller - 18 - 1 - being another - operation « output voltage - 
nominal voltage - a difference - namely, - Vout - [-- n -] - Vnom - and - the present — output voltage - one - a ** 
- a front - a clock cycle — it can set - output voltage - a difference - namely, — Vout — [— n — ] - Vout - [-- n - one - 
] - measuring - a sake - an output terminal - 24 - connecting - having - an electrical potential difference - a 
sampling - & - a hold circuit - 60 - 1 - containing . The digital nominal voltage Vnom may be set by the external pin, 
and may be changed into analog voltage by digital one / analog (D/A) converter 68. In this operation, the electrical- 
potential-difference difference sampled by sampling circuit 60' is changed into two digital electrical-potential-difference 
difference signals by two A/D converter 62 f . Since conversion required in the case of an electrical-potential-difference 
difference can be managed in the narrower range, it is more simple and can use a high-speed A/D converter more (if it 
compares with A/D converter 60'). A digital control algorithm receives the digital electrical-potential-difference 
difference signal from A/D converter62\ the output signals cl, c2, cn from output Rhine 44c and 44d, dl, d2, dn 
and the clock signal 66 from an external clock, the digital nominal voltage Vnom, and the current-limiting signal on 
current limit line 44h (with reference to drawing 1 A, it explains below). 
[0040] 

If it returns to drawing 1 and drawing 3 , the digital control algorithm 64 will generate the control signals al, a2, an 
on timing line 44a and 44b, and the set of bl, b2, bn, in order to control transistors 30 and 32 in each slave 16. The 
condition of saying that the PMOS transistor 30 closes the digital control algorithm 64, the NMOS transistor 32 opens 
it, and the NMOS transistor 32 closes it, and the PMOS transistor 30 opens it, or both the PMOS transistor 30 and the 
NMOS transistor 32 open it based on a current load so that the switching condition Vout of each slave, i.e., the output 
voltage of an output terminal 22, may be substantially maintained in electrical-potential-difference tolerance deltaVnom 
of nominal voltage Vnom is judged. 
[0041] 

if drawing 1 A, and 3 A and 13A are referred to, in order that master controller 18' may generate one or more digital state 
control signals and this signal may generate the control signal on control line 44a and 44b as an alternative - each slave 
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16' - it is interpreted by the inner interpreter 48 on chip. Like illustration, master controller 18' generates the PMOS 
state control signals el, e2, eN, the NMOS state control signals fl, f2, fN, and the continuation / discontinuity 
mode actuation control signals hi, h2, hN on state control Rhine 44h. When a slave is especially switched to PMOS 
switch-on, a master controller outputs pulse 49a on PMOS state control Rhine 44e. On the other hand, when a slave is 
switched to NMOS switch-on, master controller 18' outputs pulse 49b on NMOS state control Rhine 44f. The interpreter 
48 on chip interprets the start edge of pulse 49a on state control Rhine 44e as an instruction which switches a slave 16 to 
a PMOS condition. For example, it switches by setting control line 44a' as a high, and setting control line 44b' as a low. 
On the contrary, the start edge of pulse 49b on state control Rhine 44f is interpreted by the interpreter 48 on chip as an 
instruction which switches a slave 16 to an NMOS condition. For example, it switches by setting control line 44a* as a 
low, and setting control line 44b 1 as a high. An interpreter on chip interprets the negative going edge of the pulse on 
state control Rhine 44e and 44f as an instruction which enables the comparator 56 in a current sensor 40 and 42, 
respectively. 
[0042] 

If it enables continuous mode actuation, a switching circuit will usually operate, when the slave current Islave is 
negative (for example, when 44g of control lines is a low). However, the NMOS transistor 30 has closed, and when a 
discontinuity mode actuation control signal is a disable, both the NMOS transistor 30 and the PMOS transistor 32 are 
opened in order to prevent that a negative current flows a slave, when the slave current Islave is less than zero (for 
example, when 44g of control lines is a high). Generally, the master controller 18 operates a slave in more efficient 
discontinuity mode. However, it is more advantageous to operate by continuous mode, when starting sag large a load 
and rapid. 
[0043] 

A slave intercepts a slave automatically, when the current of a switching circuit exceeds the dangerous level of 15A also 
including the failure protection network 68 (the control signal from a master controller is made into an invalid). When 
the failure protection network 68 operates, a slave tells master controller 18 f about having sent the digital signal on 
current-limiting Rhine 44i (referring to drawi ng 3 A), and the slave having been made inactive. A slave may produce 
other digital feedback signals. For example, a slave may also contain a condition sensor and generates the digital 
condition signal which shows conditions of a switching regulator, like it is in PMOS or NMOS switch-on. 
[0044] 

With reference to drawing 4 , for every clock cycle Tclock, when for example, clock frequency fclock is about 33MHz, 
as for the digital control algorithm 64, a control system 100 may be performed every about 30 nanoseconds. A control 
algorithm 64 judges the presumed current Iestimate which expresses the current of the inductor 34 of the slave to each 
slave (step 102). Since a control algorithm 64 calculates the request electrical potential difference Vdes showing the 
target output voltage on an output terminal 22 again (step 104) and all the request currents Itotal showing the current 
which should flow into a load through an inductor are calculated, output voltage Vout becomes equal to the request 
electrical potential difference Vdes substantially (step 106). Next, a digital control algorithm determines the slave of the 
number of requests activated by the following clock cycle (step 108), and calculates the request current Ides over each 
slave (step 110). Finally, since a control algorithm controls the 1st and the 2nd transistor 30 and 32 of each slave, 
substantially, all the currents of a slave are within the limits of request current error deltaltotal, and become equal at all 
the request currents Itotal (step 112). These steps are further explained to a detail below in each. However, it will be 
understood that it is not necessary to perform in specific sequence. For example, various count is performed by being 
parallel, or is performed by the front clock cycle, is memorized, and is already good. Especially a request electrical 
potential difference and a request current are calculated and memorized in order to use by the following clock cycle. 
[0045] 

With reference to drawing 1 and drawing 5 , the presumed current Iestimate is calculated at step 102. Since the rate of 
change of the current which passes an inductor, i.e., dl/dT, is proportional to the electrical potential difference 
Vinductor concerning an inductor [0046] 
[Formula 1] 



[0047] 

Here, L is the inductance of the inductor about a current which flows from the middle terminal 26 to an output terminal 



inductor 



dJ_ 
dT 



(1) 
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22. The middle terminal 26 is connected to the source of input voltage, the electrical potential difference Vinductor 
concerning an inductor 34, i.e., Vout-Vintetmediate, is forward, and, thereby, it makes the current of an inductor 
increase between PMOS switch-on. On the other hand, between NMOS switch-on, since the middle terminal 26 is 
grounded, the electrical potential difference Vinductor concerning an inductor 34 serves as negative, and decreases the 
current of an inductor by it. The inclination (a fictitious outline 70 shows) of the slave current Islave is given by the 
degree type between PMOS switch-on. 
[0048] 
[Formula 2] 

dl_ JjnZL** (2) 

dT L 

[0049] 

On the other hand, the inclination of the slave current Islave is given by the degree type between NMOS switch-on. 

[0050] 

[Formula 3] 

dl _ ' V q»< (3) 
dT L 



[0051] 

The presumed current Iestimate (a continuous line 72 shows) is adjusted for every clock cycle. Especially the presumed 
current Iestimate is increased between PMOS switch-on by value deltalup which goes up with fixed inclination for 
every clock cycle. Similarly, the presumed current Iestimate decreases between NMOS switch-on by value deltaldown 
which descends with fixed inclination for every clock cycle, deltalup and deltaldown which go up and descend with 
fixed inclination may be given by the degree type. 
[0052] 
[Formula 4] 

V V V 

t'P r f ^ down f r V V 

L * J clock L> ' J clock 



[0053] 

Here, L is the inductance of an inductor 34 and fclock is a clock frequency. 
[0054] 

the rate which nominal value may be used as a variable in the judgment of deltalup and deltaldown, consequently rises 
and descends with fixed inclination - working change of a switching regulator — it does not carry out. As an alternative, 
for the re-calculation of deltalup and deltaldown, it may be measured and one or more of the values of Vin, Vout, 
fclock, and L may be used so that dynamic adjustment of the rate of a switching regulator 10 which rises and descends 
with fixed inclination working can be performed. Though regrettable, correctly, an inductance L and an input current 
Vin are not understood, change with time amount, and change from a circuit to a circuit. Therefore, the presumed 
current Iestimate shifts from the actual slave current Islave. Consequently, it is necessary to the actual slave current 
Islave to sometimes check the presumed current Iestimate. By each clock cycle, the presumed current Iestimate for a 
slave is checked to the output signal from current sensors 40 and 42. When estimate is not in agreement with measured 
value, it is adjusted so that estimate may be in agreement. 
[0055] 

With reference to drawin g 6 A and drawing 7 A, among PMOS switch-on, although the presumed current Iestimate is 
under the upper threshold level current Ipcross, when the output signal cl from a current sensor 40 is a high, it is 
increased by the presumed current so that it may be in agreement with Ipcross. Although the presumed current Iestimate 
exceeds the upper threshold level current Ipcross with reference to drawin g 6 B and drawing 7 B, when an output signal 
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cl is low, the presumed current Iestimate is maintained at Ipcross until an output signal cl becomes a high. Although 
the presumed current Iestimate is above the lower threshold level current Incross among NMOS switch-on with 
reference to drawing 6 C and drawing 7 C, when the output signal dl from a current sensor 42 is low, the presumed 
current Iestimate decreases immediately so that it may be in agreement with Incross. Although the presumed current 
Iestimate is less than the lower threshold level current Incross and it falls with reference to drawin g 6 d and drawing 7 d, 
when an output signal dl is high, the presumed current Iestimate is held at Incross until an output signal dl becomes 
low. Count of the presumed current Iestimate is summarized in Table 1 . 
[0056] 
[Table 1] 
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[0057] 

A digital control algorithm may disregard the signal from the current sensor in one or more clock cycles immediately 
after switching between PMOS and NMOS switch-on so that it may prevent that a false signal adjusts a presumed 
current accidentally. 
[0058] 

The propagation time required since a signal is transmitted along time delay deltaTdelay and output Rhine 44c or 44d by 
the switching time required in order to operate a comparator is factorized by the judgment of a presumed current. For 
example, when an output signal cl is switched to a high from a low and the presumed current Iestimate is amended, 
correction factor delta Tdelayxdelta Iupxfswitch is added to a presumed current so that actual current may be expressed, 
when a master controller receives change of an output signal cl . When similarly an output signal dl is switched to a low 
from a high and the presumed current Iestimate is amended, correction factor delta Tdelayxdelta Idownxfswitch is 
subtracted from a presumed current. In order to acquire as an alternative the same (while maintaining the original value 
of Incross and Ipcross which are used in Table 1) effectiveness the threshold level current Ipcross You may decrease by 
correction factor Tdelayxlupxfswitch. The threshold level current Incross by correction factor Tdelay xldownxfswitch 
When you may increase and drawing 8 is referred to, the request electrical potential difference Vdesired It is chosen at 
step 104 and the effectiveness of the load effect about the output voltage Vout which raises possibility of saying that 
output voltage Vout is maintained within the limits of electrical-potential-difference tolerance delta Vnom of nominal 
voltage Vnom is illustrated in fictitious-outline Rhine 80. When a load increases suddenly especially, a current flows for 
a load 14 from a capacitor 36, and output voltage Vout declines by it. On the contrary, when the loads of a switching 
regulator decrease in number suddenly, a charge is accumulated in a capacitor 36 and output voltage Vout increases by 
it. This becomes the cause for which output voltage Vout exceeds a tolerance electrical potential difference to for 
example, excess electrical-potential-difference deltaVexcess. 
[0059] 

A controller 18 chooses the request electrical potential difference Vdesired, in order to fall or remove excess electrical- 
potential-difference deltaVexcess. When the load of a switching regulator is min, only an increment is possible, 
therefore, as for a load, only the fall of output voltage Vout is possible. On the contrary, when the load of a switching 
regulator is max, only reduction can do a load, therefore only the increment of output voltage Vout is possible. When a 
load is low, the request electrical potential difference Vdesired is set so that it may become slightly higher than nominal 
voltage Vnom. When a load is expensive, the request electrical potential difference Vdesired is set so that it may 
become slightly lower than nominal voltage Vnom. As a continuous line 82 shows, this technique reduces excess 
electrical-potential-difference deltaVexcess, and raises possibility that output voltage Vout will stop within the limits of 
electrical-potential-difference tolerance deltaVnom of a request of nominal voltage Vnom by it. Therefore, to the given 
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load, a switching regulator can use a smaller capacitor and can maintain the same electrical-potential-difference 
tolerance. Even if the request electrical potential difference Vdesired to a clock cycle n+1 [n+1] is calculated as follows, 
it is good. : [0060] 
[Formula 5] 



[0061] 

A feedback constant and delta Vswing are voltage variation by which the current (from the following formula 8 to count) 
and Imax to which Iload flows a load 14 are permitted by the permissible current carrying capacity of a load 14 here, 
and cl and c2 are permitted by electrical-potential-difference tolerance, namely, are delta Vswing<delta Vnom. For 
example, if electrical-potential-difference tolerance is **6% in 1.3 volts, for about 30 millivolts and cl, about 1.0 and c2 
are [ nominal voltage Vnom / deltaVnom / about 78 millivolts and deltaVswing / about ]. -It will be 0.9375. 
[0062] 

If the request electrical potential difference Vdesired is determined at step 104, all the request currents Itotal will once 
be determined at step 106. Especially the request current Itotal is set in order to maintain the output voltage Vout in an 
output terminal 22 on the request electrical potential difference Vdesired. generally, all the currents that will flow for a 
load through an inductor if it assumes that output voltage Vout is equal to the request request electrical potential 
difference Vdesired must be equal to the current through a load - that is, it is Itotal= Iload. However, as long as an 
electrical potential difference Vout differs from the request electrical potential difference Vdesired, the current which 
flows a switching regulator 10 may be adjusted so that this electrical-potential-difference error may be amended. 
Therefore, all the request currents Itotal are expressed as follows. : [0063] 
[Formula 6] 

[0064] 

Here, Iadjust is an adjustment factor which amends an electrical-potential-difference error. 
[0065] 

if it assumes that all the capacitors connected to an output terminal are in a slave with reference to drawing 9 - the load 
current Iload — the sum total of the output current lout from each slave 16 (i) — equal — namely : [0066] 
[Formula 7] 



[0067] 

It is equal to a difference, Current (i) leap, i.e., the capacitor current, which passes through an inductor 34 capacitor 36, 
flowing Current (i) Islave, i.e., the slave current, or flows from there, and, as a result, the output current lout of each 
slave 16 (i) is. : [0068] 
[Formula 8] 




(5) 



CO 



(8) 



[0069] 

Therefore, all the request currents Itotal are expressed with this configuration as follows. : [0070] 
[Formula 9] 
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[0071] 

Although the slave current Islave (i) is not known correctly, probably, it approximates as the sum total of the presumed 
current Iestimate from each slave. In addition, the capacitor in not known but a slave may be complemented by one or 
more capacitors, such as a bypass capacitor of a microprocessor by which the capacitor current leap (i) is connected to 
common Rhine from an inductor 34, or may be replaced. However, generally, if output voltage Vout is changed, it must 
pass through a current capacitor 36, or it must be flowing from there. Consequently, all the capacitor currents ICAP are 
expressed with a degree type. : [0072] 
[Formula 10] 



[0073] 

Here, the total capacitance of the capacitor by which C is connected with an output terminal between touch-down, and 
deltaT are change of a clock period and output voltage [ in / in deltaVout / a clock period ]. Therefore, generally the load 
current Iload is determined from a degree type. : [0074] 
[Formula 11] 

y = V/ (/) _^k.C (H) 
hood £j J tuimafA'J A7* 



[0075] 

In the operation shown in drawi ng 3 A to it at the operation shown in drawing 3 although count of deltaVout, i.e., Vout 
[n]-Vout, [n-1] may be performed by the digital control algorithm 64, electrical-potential-difference difference Vout[n]- 
Vout [n-1] is given by sampling & hold-circuit 60'. 
[0076] 

The adjustment current Iadjust is in direct proportion to the difference of the measured output voltage Vout and the 
request electrical potential difference Vdesired. Therefore, all the request currents Itotal are calculated as follows. : 
[0077] 

[Formula 12] 



/- -2W0-^-C + *<K„-K«) (12) 



[0078] 

Here, K is a feedback constant which determines the adjustment current Iadjust. 
[0079] 

Once all the request currents Itotal are determined, a controller 18 will be determined about how many slaves should be 
activated at step 108. The number of slaves for a current cycle is calculable by the front clock cycle. Generally, the 
number of active slaves is proportional to all request currents. For example, supposing the maximum average current of 
each slave 16 is about 7A, it is good [ if Itotal is 0-7A and one slave is active, it is good and ], if Itotal is 7-14A and two 
slaves are active etc. The number of active slaves is given by Table 2 in more detail. 
[0080] 
[Table 2] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/31/2004 



Page 13 of 19 



£ P V 2 # 








*t-r s 7- * 
























-:/©» 












1 


0>I t .ui* 


7 > Iut.i ^ 


14iI ulll > 


21^ I to ui> 


28 > 




7 


14 


21 


28 






1 


2 


3 


4 


5 


2 




6 > Iui.i ^ 


14 ^ I t0U1 > 


2 1 ^ Iut.i > 


28 > 




6 


14 


21 


28 


ItotAl 




1 


2 


3 


4 


5 


3 




6 > I taul 2; 


12 ^ I lotal > 


21 ^ Itot.i > 


28 > 




6 


12 


21 


28 






1 


2 


3 


4 


5 


4 




6 > It.t.1 ^ 


12 2; l loU1 > 




28 > 




6 


12 


18 


28 






1 


2 


3 


4 


5 


5 




6 > I tat „ ^ 


12 £ Iutoi > 


18^ Itot.i > 


24 > 




6 


12 


18 


24 






1 


2 


3 


4 


5 



m2 



[0081] 

Once the number of all the request currents Itotal and active slaves is determined, the request electrical potential 
difference Idesired may be calculated about each slave at step 110. Especially the request electrical potential differences 
Idesired may be all the currents Itotal by which a division is only done with the number of active slaves. 
[0082] 

If the request current Idesired is calculated for each active slave, the average current which the switching circuit of each 
active slave is controlled (step 1 12), consequently flows an active slave will become equal to the request current 
Idesired substantially, and all the currents that flow a switching regulator will once become equal to Itotal substantially. 
Therefore, the current which flows from switching regulator 1 0 maintains output voltage on the request electrical 
potential difference Vdesired by it in accordance with the current which flows for a load 12. The remainder, i.e., an 
inactive slave, is not connected. That is, both the PMOS transistor 30 and the NMOS transistor 32 are still opening. 
[0083] 

To various control algorithms controlling the switching circuit of an active slave, it is possible, consequently all the 
currents that flow a switching regulator become equal to all the request currents Itotal substantially. Generally, in order 
that a control algorithm may answer quickly :1 load effect chosen so that the following factor may be balanced, all 
slaves can be done in coincidence at switch-on or OFF, 2) - ensuring operating by request phase offset so that a slave 
may make an electrical-potential-difference ripple min, and 3 - in order to maintain an electrical potential difference on 
fixed level substantially, switch on maintaining an average current equally to a request current, and 4 request switching 
frequency. 
[0084] 

With reference to drawing 10 , one of the active slaves is chosen as a criteria slave based on a predetermined selection 
pattern (step 120). For example, a specific slave may be specified as a criteria slave, or a criteria slave may make a slave 
change in order. Actuation of the remaining slaves, i.e., a non-criteria slave, is combined with actuation of a criteria 
slave so that it may inquire below. A criteria slave may be chosen whenever it changes the time of power-up of a 
switching regulator, or the number of active slaves. Once a criteria slave is chosen, request phase offset will be 
calculated about each ****** slave (step 1 22). Request phase offset may be determined whenever the number of active 
slaves is changed. A non-criteria slave is controlled to operate by request phase offset. 
[0085] 
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By each clock cycle, two current limiting including the upper limit current Iupper and the minimum current Ilower is 
calculated about a criteria slave (step 124). Finally, a criteria slave is controlled based on a criteria slave control 
algorithm (step 126), and a non-criteria slave is controlled based on a non-criteria slave control algorithm (step 128). A 
criteria slave is controlled by some operations based on the comparison with the current limiting Iupper and Ilower of 
the upper and lower sides of the presumed current Iestimate, and a non-criteria slave is controlled by them based on 
request phase offset. Of course, the step sequencing shown in drawing 10 is as an example, and the step could be 
performed to juxtaposition in another sequence. For example, in the specific clock cycle of arbitration, current limiting 
is calculable before phase offset, and when a slave is controlled based on current limiting and the phase offset which 
were calculated and memorized within a former clock cycle, a count step can be performed after a control step. 
[0086] 

At step 122, a control algorithm calculates request phase offset phi (i) which expresses the request time delay at the time 
of initiation of PMOS and NMOS switch-on between a criteria slave and a non-criteria slave about each ****** slave. 
For example, if two sets of slaves are active, they must be 1 80-degree phase shifts and time delay must be equal to the 
one half of the switching period T, i.e., phi(l) = 1/, (2T). If three sets of slaves are active, they must be 120-degree 
phase shifts and time delay phi (1) and phi (2) must be equal to each 1/3 of a switching period, and 2/3. By operating the 
slave with which the phase has shifted, the current ripple from each slave is negated partially at least, and the more fixed 
output current is offered by it from a switching regulator. Request phase offset is summarized by Table 3. 
[0087] 
[Table 3] 
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[0088] 

The average current which the up-and-down current limiting Iupper and Ilower is calculated about a criteria slave at step 
124, consequently minds the criteria slave 16 becomes equal to the request current Idesired. Especially the upper limit 
current Iupper and the minimum current Ilower are calculated as follows. : [0089] 
[Formula 13] 
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[0090] 

Here, deltalO is the bandwidth of a criteria slave. A bandwidth deltalO is set based on a request switching frequency as 
follows. : [0091] 
[Formula 14] 
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[0092] 

Here, fswitch is a request switching frequency. Maintaining suitable power efficiency, a request switching frequency is 
chosen so that it may have good dynamic response. Generally, although the increment in a switching frequency reduces 
a current ripple, it makes a switching regulator inefficient. On the contrary, although the fall of a switching frequency 
raises the power efficiency of a switching regulator, a current ripple increases it. A switching frequency is in about 
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1MHz within the limits of about 0.5-5.0MHz. The bandwidth count which gives a request switching frequency is based 

on either the measured value of other variables in a formula 14, or nominal value. 

[0093] 

One implementation of fundamental actuation of the master controller 18 in control of a criteria slave is explained with 
_ reference to drawing 1 1 and drawing 12 . As mentioned above, the master controller 1 8 calculates the presumed current 
Iestimate in step 102 (a continuous line 70 shows). Master controller 1 8 calculate the upper limit current Iupper (a 
continuous line 72 shows) and the minimum current Ilower (a continuous line 74 shows) at step 122 again. It judges 
whether the digital control algorithm 64 should switch the 1st and the 2nd transistor 30 and 32 for the presumed current 
Iestimate of a criteria slave as compared with the upper limit current Iupper and the minimum current Iupper. When the 
presumed current Iestimate exceeds the upper limit current Iupper especially, the NMOS transistor 32 closes, the PMOS 
transistor 30 opens, and the middle terminal 26 is grounded by it. On the other hand, when the presumed current 
Iestimate is less than the minimum current Ilower, the NMOS transistor 32 is opened, the PMOS transistor 30 closes, 
and the middle terminal 26 is connected to the source 12 of input voltage by it. Therefore, if the presumed current 
Iestimate assumes that the current Islave which flows a criteria slave is expressed correctly, the criteria slave current 
Islave (a fictitious outline 76 shows) vibrates between the upper limit current Iupper and the minimum current Ilower, 
and the average current of the criteria slave current Islave spreads abbreviation etc. on the request current Idesired (a 
fictitious outline 78 shows). 
[0094] 

In switching regulator 10* shown in drawing 1 A, when the presumed current Iestimate exceeds the upper limit current 
Iupper, master controller 18 f outputs pulse 49b to state control Rhine 44f. This pulse opens the PMOS transistor 30 
(control line 44a set to drawing 13 A into a low shows), and is interpreted by the interpreter 48 on chip as an instruction 
which closes the NMOS transistor 32. On the other hand, when the presumed current Iestimate is less than the minimum 
current Ilower and descends, a master controller outputs pulse 49a to control line 44a which the NMOS transistor 32 is 
opened [ a ] and makes the PMOS transistor 30 closed (control line 44a set to drawing 13 A to a high shows). 
[0095] 

It is used for control of a switching circuit 24 so that it may ensure that the upper limit current Iupper and the minimum 
current Ilower are certainly in agreement with the average current which flows from a criteria slave. For example, if a 
load increases, Idesired will increase and the limit currents Iupper and Ilower will increase it. On the other hand, if loads 
decrease in number, Idesired will decrease and the limit currents Iupper and Ilower will decrease. In addition, when a 
load is substantially fixed, the bandwidth deltalO between the upper limit current Iupper and the minimum current 
Ilower sets the switching frequency of a switching circuit 24. 
[0096] 

Various control algorithms are possible to control of the switching circuit of the non-criteria slave for attaining a request 
current and phase offset. Reference of drawing 14 and drawing 15 controls a non-criteria slave by one operation of the 
digital control algorithm 64 based on the one switching time of the transistor in one and the criteria slave of current 
limiting. If it summarizes, switching of a non-criteria slave will be attracted by the time of termination of the phase 
offset timer started when a criteria slave performs switching by other current limiting when the presumed current over 
two event: slaves passes one of the ******. 
[0097] 

When the presumed current Iestimate of a non-criteria slave exceeds the upper limit (it calculated by formula 12 for 
criteria slave) current Iupper especially, a non-criteria slave starts the NMOS switch-on, namely, the PMOS transistor 
30 is opened, and the NMOS transistor 32 is closed. A digital control algorithm can contain one or more phase offset 
timers. A phase offset timer is used for invitation of the PMOS switch-on of a non-criteria slave. A timer is started when 
a criteria slave starts the PMOS switch-on especially. A timer is compared with request phase offset [ of each ****** 
slave ] phi (i) by each clock cycle. When offset time amount phi (i) related with a specific non-criteria slave is 
completed, a non-criteria slave starts PMOS switch-on, namely, the NMOS transistor 32 is opened, and the PMOS 
transistor 30 is closed. Therefore, phase offset phi (i) determines delay between the criteria slave in initiation of NMOS 
switch-on, and a non-criteria slave. Of course, the structure of invitation can be reversed by the PMOS switch-on 
attracted when a non-criteria slave is less than the minimum current Ilower and descends, and the timer which operates 
when a criteria slave starts the NMOS switch-on. 
[0098] 

Reference of drawing 16 and drawing 1 7 calculates the up-and-down current limiting Iupper (i) and Ilower (i) in 
operation of the 2nd of the digital control algorithm 64 for each ****** slave. Up-and-down current limiting is chosen 
so that the average current of the non-criteria slave 16 may become equal to the request current Idesired. Since each 
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slave has its current limiting, bandwidth deltali of each slave controls the switching frequency of the slave. Especially 
the switching period T is calculable from the following formulas. : [0099] 
[Formula 15] 



( L L \ 

\ v in V o*f r out J 



(15) 



[0100] 

In order to adjust the phase contrast between a criteria slave and a non-criteriia slave, bandwidth deltali of a non-criteria 
slave is adjusted in order to change the switching frequency. This changes the time difference between PMOS and 
NMOS switch-on by making it late or making a non-criteria slave quick to a criteria slave. If request phase contrast is 
attained, the bandwidth of a non-criteria slave is adjusted again and, thereby, the switching frequency of two slaves is 
once in agreement. In order to adjust the bandwidth of a non-criteria slave, the digital control algorithm 64 measures the 
actual time delay TN and Tp of initiation of NMOS of two slaves, and PMOS switch-on. Subsequently, bandwidth 
deltali is set so that it may become equal to the request bandwidth which added the feedback term proportional to the 
error or difference between a request and actual time delay. For example, bandwidth deltali is calculated as follows. : 
[0101] 

[Formula 16] 

AJi - AI 0 +K, WD-TJ +K 2 [0>(i>T P ] (16) 
[0102] 

It is the request bandwidth by which Kl and K2 are calculated and a feedback error constant and deltalO are calculated 
by the formula 13 here. Subsequently, the upper limit current Iupper (i) and the minimum current Ilower (i) are 
calculated as follows. : [0103] 
[Formula 17] 

[0104] 

The trigger of the 1 st and the 2nd transistor 30 and 32 of a non-criteria slave is applied using the upper limit current 
Iupper (i) and the minimum current Ilower (i). When the presumed current Iestimate (i) exceeds the upper limit current 
Iupper (i) especially, the PMOS transistor 30 is opened and closes the NMOS transistor 32. On the other hand, when the 
presumed current Iestimate (i) is less than the minimum current Ilower (i), the NMOS transistor 32 is opened and closes 
the PMOS transistor 30. Consequently, if the presumed current Iestimate (i) expresses the slave current Islave (i) 
correctly, the slave current Islave (i) vibrates between an upper limit Iupper (i) and Minimum Ilower (i). Therefore, the 
average current which flows a slave is almost equal to Idesired (i), and all the currents that flow a switching regulator 
become almost equal to all the request currents Itotal. Up-and-down current limiting is set so that the average total 
output current from a slave may be in agreement with a load. 
[0105] 

If drawi n g 18 thru/or drawin g 23 are referred to, in the 3rd operation, the digital control algorithm 64 will calculate the 
"ghost" current for each ****** slave 16. The ghost current Ighost (i) expresses the request current which flows the 
slave, and current limiting and desired phase offset are given. Each ****** slave is controlled by comparing the 
presumed current Iestimate for a non-criteria slave (i) with the ghost current Ighost (i). 
[0106] 

A ghost current is calculated by the same method as count of a presumed current. Namely, the ghost current Ighost (i) 
and (the continuous line 84 of drawing 22 shows) are increased by part for rise value deltalup-ghost of fixed inclination 
for every clock cycle between ghost PMOS switch-on, and the ghost current Ighost (i) decreases by downward value 
Idown-ghost of fixed inclination for every clock cycle during a ghost NMOS flow. However, when the ghost current 
Ighost (i) exceeds the upper limit current Iupper, a ghost current is set equally to the upper limit current Iupper. 
Similarly, when the ghost current Ighost (i) is less than the minimum current Ilower, a ghost current is set equally to the 
upper limit current Ilower. 
[0107] 
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As for ghost switch-on, a trigger is applied by switching of a criteria slave and request phase offset (see drawing 20 and 
21). After a criteria slave switches especially a ghost to PMOS switch-on, he switches to ghost PMOS switch-on by 
request phase offset phi (i). Similarly, after a criteria slave switches a ghost to NMOS switch-on, he switches to ghost 
NMOS switch-on by request phase offset phi (i). 
[0108] 

As mentioned above, switching of a non-criteria slave is controlled by comparing the presumed current Iestimate for a 
non-criteria slave (i), and (the continuous line 86 of drawing 23 showing) with the ghost current Ighost for a non-criteria 
slave (i), and the (broken line 84 shown in drawing 23 ). Especially, a non-criteria slave is in PMOS switch-on, a ghost 
is in NMOS switch-on, and when the presumed current Iestimate (i) exceeds the ghost current Ighost (i), a slave is 
switched to NMOS switch-on. Similarly, a non-criteria slave is in NMOS switch-on, a ghost is in PMOS switch-on, and 
when the presumed current Iestimate (i) is less than the ghost current Ighost (i), a slave is switched to PMOS switch-on. 
If it puts in another way, when a slave will switch a presumed current, a ghost current is crossed and two currents have a 
reverse inclination. Thus, a slave is switched in order to pursue a ghost current efficiently. In addition, when a ghost is 
in PMOS switch-on, a non-criteria slave will be switched to NMOS switch-on, if the presumed current Iestimate (i) 
exceeds the ghost current Ighost (i) by the current offset lover. And when a ghost is in NMOS switch-on, a non-criteria 
slave will be switched to PMOS switch-on, if the presumed current Iestimate (i) is less than the ghost current Ighost (i) 
with the current offset hinder. Thereby, even when a ghost current changes suddenly, a current slave can pursue a ghost 
current certainly. 
[0109] 

If drawing 24 thru/or drawing 27 are referred to, the digital control algorithm 64 will calculate a "ghost" current about 
both a criteria slave and a non-criteria slave, and both a criteria slave and a non-criteria slave will be controlled by 4th 
operation by comparing the presumed current Iestimate (i) with the ghost current Ighost (i). 
[0110] 

If drawing 25 is referred to, it will be almost equal to the switching frequency of 1MHz, and a request duty cycle, for 
example, the digital control algorithm 64 will generate the clock signal 90 with the duty cycle Ds of Vout/Vin, for 
example, it is almost equal to a request switching frequency. A duty cycle may be fixed based on the nominal value of 
Vin and Vnom. Each ghost's ghost switch-on is controlled using a clock signal 90. Especially a clock signal can be 
generated for [ each ] active slaves using each clock signal offset by the request phase offset phi (i). A ghost is in ghost 
PMOS switch-on, when the clock signal 90 related with a slave is a high, and a ghost is in ghost NMOS switch-on, 
when the clock signal 90 related with a slave is a low. For example, when three slaves are active, the 3rd ghost switches 
after 2/3 of the switching period behind the after [ 1/3 of the switching period behind the 2nd ghost ], and 1st ghosts. 
Request phase offset phi after a criteria slave switches to PMOS switch-on (i) As best shown in drawing 25 and drawing 
26 , if there is no ghost current as if, it will be calculated by the same approach as count of the ghost current examined 
with reference to the 3rd operation and drawin g 18 . That is, it is increased by the ghost current Ighost (i) and (a 
continuous line 92 showing to drawing 26 ) between ghost PMOS switch-on by rise value deltalup-ghost of fixed 
inclination by each clock cycle, and the ghost current Ighost (i) decreases by downward value deltaldown-ghost of fixed 
inclination by each clock cycle between ghost NMOS switch-on. However, when the ghost current Ighost (i) exceeds 
the upper limit current Iupper, a ghost current is set equally to the upper limit current Iupper. Similarly, when the ghost 
current Ighost (i) is less than the minimum current Ilower, a ghost current is set equally to the upper limit current Ilower. 

[0111] 

Reference of drawing 24 and drawing 27 controls switching of a non-criteria slave as mentioned above by comparing 
the presumed current Iestimate for a non-criteria slave (i), and (a continuous line 94 showing) with the ghost current 
Ighost about a non-criteria slave (i), and (point Rhine 92 showing). Especially, a non-criteria slave is in PMOS switch- 
on, a ghost is in NMOS switch-on, and when the presumed current Iestimate (i) exceeds the ghost current Ighost (i), a 
slave is switched to NMOS switch-on. Similarly, a non-criteria slave is in NMOS switch-on, a ghost is in PMOS switch- 
on, and when the presumed current Iestimate (i) is less than the ghost current Ighost (i), a slave is switched to PMOS 
switch-on. If it puts in another way, when a slave will switch a presumed current, a ghost current is crossed and two 
currents have a reverse inclination. Thus, a slave is switched and pursues a ghost current efficiently. 
[0112] 

In addition, a non-criteria slave is switched to PMOS switch-on, when it switches to NMOS switch-on when the 
presumed current Iestimate (i) exceeds the upper limit current Iupper, or the presumed current Iestimate (i) is less than 
the minimum current Ilower. In order to control too much switching to which effectiveness is reduced, rise value 
deltalup-ghost of a ghost's fixed inclination and downward value deltaldown-ghost of fixed inclination may be 
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artificially set to rise value deltalup of the fixed inclination for a presumed current, and under downward value 
deltaldown of fixed inclination by about 20 - 25%. Or a ghost current exceeds the up-and-down current limiting Iupper 
arid Ilower by the margin of the shoes set up beforehand, or it may be permitted that it is less. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the block diagram of the switching regulator according to this invention. 
[ Drawing 1 A] 

It is the block diagram of another operation of the switching regulator according to this invention. 
[Drawing 2] 

It is the block diagram of the current sensor of the switching regulator of drawing 1 . 
[Drawin g 3] 

It is the block diagram of the controller of the switching regulator of drawing 1 . 
[ Drawing 3 A] 

It is the block diagram of the controller of the switching regulator of drawing 1 A. 
[Drawing 4] 

It is the flow chart which shows the approach performed by the controller of drawing 3 . 
[Drawing 5] 

It is a timing chart in comparison with the actual current which flows a slave in a presumed current. 
[Drawing 6] 

It is a timing chart explaining amendment of a presumed current. 
[Drawing 7] 

It is a timing chart explaining the output signal from the current sensor relevant to amendment of the presumed current 
of drawing 6 A - drawing 6 D. 
[Drawing 8] 

It is a timing chart [ the actual output voltage of a switching regulator / electrical potential difference / desired ]. 
[Drawing 9] 

It is the simplified block diagram which is used for the decision of a desired current. 
[Drawing 10] 

It is the flow chart which shows the step which controls the switching circuit from the approach of drawing 4 . 
[Drawing 11] 

It is a flow chart explaining how to control the criteria slave of the switching regulator of drawing 1 . 
[Drawing 12] 

It is a timing chart explaining the current which flows the criteria slave produced from the approach of drawing 1 1 . 
[ Drawing 13] 

It is a timing chart explaining the control signal to the criteria slave of drawing 1 1 . 
[ Drawing 13 A] 

It is a timing chart explaining the control signal to the criteria slave from the switching regulator of draw ing 1 A. 
[Drawing 14] 

It is a flow chart explaining how to control the phase relation of a slave, and in drawing, one transistor is switched by 
presetting time amount following switching of a criteria slave, and other transistors are switched based on the 
comparison with a presumed current and a current limitation. 
[Drawing 15] 

It is a timing chart explaining the current which flows the criteria slave produced from the approach of drawing 14 , and 
a non-criteria slave. 
[Drawing 16] 

It is a flow chart explaining how to control the phase relation of a slave, and the current limitation of a non-criteria slave 
is adjusted by the approach. 
[Drawing 17] 

It is a timing chart explaining the current which flows the criteria slave produced from the approach of drawing 16 , and 
a non-criteria slave. 
[Drawing 18] 

It is a flow chart explaining how to generate a ghost current for a non-criteria slave. 
[DrawingJL9] 

It is a flow chart explaining how to control the phase relation of a slave, and a presumed slave current is compared with 
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a ghost current by the approach. 
[D rawin g 20] 

While performing the approach of drawing 18 and drawing 19 , it is a timing chart explaining the current which flows a 
criteria slave. 
[Drawing 21] 

It is a timing chart explaining the ghost switch-on for one non-criteria slave produced from the criteria slave current 
shown by drawing 20 . 
[Drawin g 22] 

It is a timing chart explaining the ghost current produced from the approach shown by drawing 1 8 , and the ghost 
switch-on shown by drawing 21 . 
[Draw ing 23] 

It is a timing chart explaining the criteria slave engine performance produced from the approach shown by drawing 19 , 
and the ghost current shown by drawing 22 . 
[Drawing 24] 

It is a flow chart explaining how to control the phase relation of a slave, and by the approach, a ghost current is 
generated about a criteria slave and a non-criteria slave, and it is compared with the ghost current by which a presumed 
slave current controls a slave. 
[Drawing_25] 

It is a timing chart explaining the ghost switch-on about one of the non-criteria slaves produced from a clock signal. 
[Drawing 26] 

It is a timing chart explaining the ghost current produced from the approach shown by drawing 18 , and the ghost 
switch-on shown by drawing 25 . 
[Drawing 27] 

It is a timing chart explaining the slave engine performance produced from the approach shown by drawing 24 , and the 
ghost current shown by drawing 26 . 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[ Drawing 4] 
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[Drawing 9] 
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[Drawing 12] 
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[Drawing 14] 
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[Drawing 15] 
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[ Drawin g 17] 
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[Drawing 18] 
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[Drawing 22] 
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[Drawing 24 ] 
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[Drawing 25] 
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[Drawing 27] 
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